Introduction
Helicases play a key role in biological processes such as replication, repair, recombination, conjugation and transcription of DNA. They catalyse the unwinding of duplex DNA, RNA or DNA-RNA hybrids by disrupting the hydrogen bonds between the complementary base pairs (bp) in the double-stranded nucleotide filaments. The most commonly accepted mechanism for helicase function requires the enzyme to possess multiple DNA-binding sites in order to bind reaction intermediates at the unwinding junction. This requirement seems to be met since most helicases, having one DNA-binding site, appear to be active as oligomers (for review Author for correspondence : Just Vlak.
Fax j31 317 484820. e-mail just.vlak!medew.viro.wau.nl
The nucleotide sequence data reported in this paper will appear in the GenBank nucleotide sequence database under accession number AF021837. specificity of baculovirus DNA replication, the putative AcMNPV and SeMNPV helicase genes were tested for their ability to replicate homologous regions (hrs ; putative origins of DNA replication) in a transient DNA replication assay in insect cells. All viral cis-and trans-acting factors were provided as plasmids using either Achr2 or Sehr1 as the DNA replication origin. SeMNPV p143 could not substitute for AcMNPV p143 in the transient assays supplemented with either hr. Similar results were obtained when the SeMNPV and AcMNPV ie1 genes were exchanged. None of the essential AcMNPV trans-acting factors could be complemented by SeMNPV infections to support DNA replication of hrs. These data suggest a specific interaction between baculovirus DNA replication factors to form the replisome and/or between the replisome and the origin of DNA replication.
see Lohman & Bjornson, 1996) . The unwinding reaction is driven by the hydrolysis primarily of ATP, although hydrolysis of other nucleotides has been reported as well (Lahue & Matson, 1988 ; Goetz et al., 1988 ; Morris et al., 1979) . The processive unwinding of DNA also requires translocation of the helicase complex along the DNA filament, in either the 3h to 5h or 5h to 3h direction, depending on the type of helicase. How DNA unwinding and translocation of the complex along the DNA is coupled to hydrolysis of ATP is not yet understood (West, 1996) .
Helicases are a diverse group of proteins, varying in size from 37 kDa for Escherichia coli RuvB (West, 1996) to 143 kDa for the putative Autographa californica multicapsid nucleopolyhedrovirus (AcMNPV) helicase (Lu & Carstens, 1991) and 170 kDa for the E. coli long helicase-related protein (Reuven et al., 1996) . Most organisms encode multiple helicases ; e.g. E. coli encodes twelve different helicases (Matson et al., 1994) and Saccharomyces cerevisiae at least six (Li et al., 1992) . Viruses can encode multiple proteins with helicase functions as well ; both subunit UL5 of the helicase-primase complex (Crute et al., 1988 (Crute et al., , 1989 and the origin-binding protein UL9 of herpes simplex virus 1 (Bruckner et al., 1991) display helicase activity.
Several common amino acid sequence motifs have been identified in helicases originating from organisms as diverse as E. coli, bacteriophages, herpesviruses and man (Linder et al., 1989 ; Gorbalenya & Koonin, 1989 ; Gorbalenya et al., 1988 ; Hodgman, 1988 ; Lu & Carstens, 1991) . These sequence motifs are referred to as I, Ia, II through VI and the D-E-A-D box, a special version of motif II. Motifs I and II form the A and B loop of a conserved NTP-binding site (Walker et al., 1988) . Motif Ia and a conserved tyrosine residue in motif VI are thought to be involved in association with presumed DNA-binding proteins (Hodgman, 1988) . No defined function has yet been assigned to common motifs III through VI (Matson & Kaiser-Rogers, 1990) .
The p143 gene of AcMNPV has been identified as an essential gene in the baculovirus infection and DNA replication cascade via studies of a temperature sensitive mutant with a mutation in this gene (Gordon & Carstens, 1984) . Sequence analysis of this gene revealed a high degree of similarity within the seven motifs characteristic for DNA helicases (Lu & Carstens, 1991) . In the genome of Orgyia pseudotsugata MNPV (OpMNPV), an AcMNPV p143 homologue has recently been identified and sequenced . The importance of the p143 product in AcMNPV and OpMNPV DNA replication has also been established via transient DNA replication assays using origin-containing plasmids as reporters of DNA replication and a subset of a cosmid and plasmid library encompassing the entire viral genome Ahrens & Rohrmann, 1995 a, b ; . DNA polymerase, p143, late expression factors 1 (LEF1), 2 (LEF2) and 3 (LEF3) and immediate early protein 1 (IE1) have been identified as essential trans-acting factors required for AcMNPV and OpMNPV DNA replication (Kool et al., 1994 b ; Ahrens & Rohrmann, 1995 a, b ; . In contrast to the situation in herpes simplex virus 1 (Liptak et al., 1996) , little is known about the assembly of the baculovirus DNA replication complex and the interaction between individual proteins of this complex with each other and with putative origins of DNA replication [homologous regions (hrs)].
The p143 gene of baculoviruses is not only involved in DNA replication, but possibly also in host range specificity. The host range of the various baculoviruses differs considerably. AcMNPV infections have been reported in over 40 insect species whereas, to date, Bombyx mori NPV (BmNPV) and SeMNPV are known to infect only one single host, the silkworm and the beet army worm, respectively. At the cellular level, BmNPV replicates in BmN cells but not in Sf-AE-21 cells, whereas AcMNPV replicates in Sf-AE-21 cells but not in BmN cells. Mixed infections of AcMNPV and BmMNPV in Sf-AE-21 cells followed by screening in BmN cells yielded an AcMNPV recombinant capable of replicating in both cell lines (Kondo & Maeda, 1991) . Detailed analysis of the recombinant virus revealed that few amino acid changes in a 140-aa-long stretch of the AcMNPV p143 gene were responsible for this host range expansion (Croizier et al., 1994) .
The baculovirus SeMNPV has high potential for development as a bio-insecticide because of its host specificity, high speed of action and virulence (Smits & Vlak, 1994) . Phylogenetic analysis using parsimony of several SeMNPV genes suggested that this virus is a member of a different clade to AcMNPV, OpMNPV and BmNPV (Zanotto et al., 1993 ; Cowan et al., 1994 ; Hu et al., 1997) . In this paper, we describe the genomic location, sequence and transcription of the SeMNPV homologue of the AcMNPV p143 gene. The specificity of the baculovirus p143 gene in helper virusindependent DNA replication assays has been investigated using both SeMNPV and AcMNPV hr-like origins of DNA replication and SeMNPV and AcMNPV p143 genes. Finally, the role of p143 gene products in DNA replication and host specificity is discussed.
Methods
Cells and virus. S. frugiperda (Sf-AE-21) cells (Vaughn et al., 1977) and S. exigua (Se-IZD2109) cells (B. Mo$ ckel & H. G. Miltenburger, unpublished results) were cultured in TNM-FH medium (Hink, 1970) , supplemented with 10 % foetal calf serum (FCS). The US-isolate of SeMNPV (Gelernter & Federici, 1986 ) and the E2 strain of AcMNPV (Summers & Smith, 1987) were used as wild-type viruses. Routine cell culture maintenance and virus infection procedures were carried out according to published procedures (Summers & Smith, 1987 ; King & Possee, 1992) . Budded virus (BV) used in time-course infection experiments was obtained from the supernatant of Se-IZD2109 cells infected with haemolymph obtained from SeMNPV-infected fourth instar S. exigua larvae. AcMNPV BVs were obtained from the supernatant of Sf-AE-21-infected cells. BV titres were determined by the end-point dilution method (Vlak, 1979) and expressed as TCID &! units per ml. Plasmid constructions. SeMNPV subgenomic fragments were cloned into pUC19, pBluescriptKS(j) (Stratagene) or pGEM-7Zf(j) (Promega) and transformed into E. coli DH5α using standard techniques (Sambrook et al., 1989) . DNA isolation, restriction enzyme digestion, agarose gel electrophoresis and Southern blotting were carried out according to standard protocols (Sambrook et al., 1989) . Unidirectional deletions were performed using the ExoIII-based Erase-a-Base system according to the protocols of the manufacturer (Promega).
DNA replication assay. The infection-independent DNA replication assay was based on transfection of Sf-AE-21 cells with plasmids containing SeMNPV or AcMNPV DNA sequences, harbouring the putative origin of DNA replication SeMNPV-hr1 (Heldens et al., 1995) and AcMNPV-hr2 (Kool et al., 1993) , respectively, and the viral transacting factors necessary for plasmid DNA replication (Kool et al., 1994 b) . AcMNPV-lef1 (mu 7n5-8n7) was cloned as a 1n6 kb NruI-EcoRI fragment in pUC19, AcMNPV-lef2 (mu 1n9-2n6) as a 0n94 kb MluI fragment into the BamHI site of pUC19 using MluI-BglII linkers, AcMNPV-DNA pol (mu 38n9-41n6) as a 2n3 kb SstI-EcoRV into pBluescriptKS(k) and AcMNPV-lef3 (mu 42n8-44n5) as a 2n3 kb EcoRI-ApaI fragment into pJDH119 (Hoheisel, 1989) . The AcMNPV helicase gene (mu 59n9-63n5) was cloned as a 4n8 kb EcoRI-SspI fragment into pBluescriptKS(k). AcMNPV-p35 was provided as fragment EcoRI-S. AcMNPV-ie1 (mu 94n7-96n9), -ie2 (mu 96n9-98n9) and -pe38 (mu 98n9-100n0) were
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The putative SeMNPV helicase gene The putative SeMNPV helicase gene cloned as a 2n9 kb ClaI-HindIII fragment in pUC8, and as a 1n3 kb PstI-PstI and a 1n5 kb PstI-EcoRI fragment in pUC19, respectively. The map positions of the AcMNPV fragments were taken from Ayres et al. (1994) . SeMNPV-ie1 (mu 92n2-95n4) was cloned as a 4n2 kb XbaI-BamHI fragment in pUC19, whereas the SeMNPV helicase gene was provided as the entire SeMNPV-XbaI-C fragment.
The DNA replication assay was performed essentially as described previously for AcMNPV and SeMNPV DNA replication (Kool et al., 1994 a, b ; Heldens et al., 1997) with slight modifications. In brief, Sf-AE-21 cells were plated onto 35-mm-diameter Petri dishes at a density of 2i10' cells per dish 24 h before transfection. Approximately 2 h prior to transfection the medium was removed from the cells and the cells were washed with TNM-FH medium without BSA and FCS. Cells were transfected with 1 µg of either SeMNPV or AcMNPV hr-containing plasmid and plasmids containing the replication genes in equimolar amounts taking 0n5 µg DNA of a 5 kb plasmid as standard. The DNAs were mixed with 35 µl H # O and 15 µl lipofectin (Gibco-BRL) in 1 ml TNM-FH medium without BSA and FCS. After 4 h incubation at 27 mC, the medium was replaced with 2 ml TNM-FH medium supplemented with 10 % FCS.
Infection-dependent DNA replication assays were based on transfection of Sf-AE-21 cells with plasmids containing SeMNPV or AcMNPV DNA sequences, harbouring putative origins of DNA replication (SeMNPV-hr1 and AcMNPV-hr2, respectively) and\or the viral transacting factors necessary for plasmid replication (Kool et al., 1994 b) ] and total DNA was isolated from the insect cells as described by Summers & Smith (1987) . Half of the DNA was digested with restriction enzyme HindIII to linearize the plasmid ; the other half was digested with HindIII plus DpnI to determine if plasmid replication had occurred. After agarose gel electrophoresis the DNA was transferred to a nylon membrane (Hybond-N, Amersham ; Southern, 1975) and hybridized with $#P-labelled pUC19 DNA (Sambrook et al., 1989) .
Isolation of total RNA and Northern blotting. Total RNA for Northern blot and primer extension analysis was isolated from SeMNPVinfected Se-IZD2109 cells at several time-points p.i., as described by Xie & Rothblum (1991) . Total RNA was denatured, electrophoresed and blotted to Hybond-N nylon membrane (van Strien et al., 1992) . To identify p143 transcripts, the blot was hybridized for 16 h at 65 mC with [α-$#P]dCTP-labelled riboprobes. Riboprobes were generated by in vitro transcription (Sambrook et al., 1989) using T7 or T3 RNA polymerase (Gibco-BRL) of cloned DNA fragments containing the putative SeMNPV helicase gene in pBluescriptKS(j). After hybridization [overnight at 65 mC in Church buffer (0n25 M sodium phosphate pH 7n2, 7 % SDS, 1 % BSA, 1 mM EDTA)], the filters were washed for 5 min with 2iSSC, 0n5 % SDS at room temperature, 30 min with 2iSSC, 0n1 % SDS at 65 mC and 30 min with 0n1iSSC, 0n1 % SDS at 65 mC. The filters were exposed to Kodak XAR film.
Primer extension. To identify the transcriptional start site(s) of the SeMNPV p143 gene, 15 ng of an oligonucleotide (5h CATTCTTGT-CCACGGCCTCG 3h) complementary to nucleotides j50 to j70 relative to the translational initiation site of the p143 mRNA, was labelled at the 5h end with [γ-$#P]ATP by using T4 polynucleotide kinase (Gibco-BRL) in 50 mM Tris-HCl, pH 9n5, 10 mM MgCl # , 5 mM DDT, 5 % glycerol for 45 min at 65 mC followed by heat denaturation at 90 mC for 10 min. The labelled oligonucleotide was purified on a 1 ml Sephadex G25 column and added to 10 µg total RNA, isolated from infected cells. The mixture was denatured at 90 mC for 5 min and annealed at 55 mC for 15 min. Reverse transcription was carried out at 48 mC for 1 h in a volume of 15 µl, containing 5 mM of each of the dNTPs and 1 µl of Superscript reverse transcriptase (Gibco-BRL) in a buffer supplied by the manufacturer. The reaction was stopped by the addition of 5 µl ' stop ' buffer (95 % v\v formamide, 0n01 % xylene cyanol and 0n01 % bromophenol blue). Six µl of the reaction mixture was analysed in a 6 % polyacrylamide sequence gel, which was then dried and exposed to Kodak XAR film.
Sequencing. Both strands of overlapping DNA fragments of the SeMNPV helicase gene and its flanking regions were sequenced from fragments generated with the Erase-a-Base system using an automated DNA sequencer (Applied Biosystems) using the dideoxy chain-termination protocol (Sanger et al., 1977) . Sequence analyses were carried out using the UWGCG computer programs (Devereux et al., 1984) and deduced amino acid sequences were compared with the updated GenBank\EMBL, SWISS-PROT and PIR data libraries using latest releases of the BLAST and FASTA programs.
Results

Localization of the SeMNPV p143 gene
To identify the AcMNPV p143 gene homologue in the genome of SeMNPV several radioactive DNA probes were constructed from different domains in the AcMNPV p143 gene. These probes were hybridized at various stringencies to Southern blots with SeMNPV DNA isolated from polyhedraderived virions (ODV) and digested with a number of restriction enzymes . None of these probes showed unambiguous hybridization signals that could be related to one or a few subgenomic fragments (results not shown). This suggested that the nucleotide sequence of the p143 gene of SeMNPV displayed limited nucleotide sequence homology to its AcMNPV counterpart.
A partial genetic map of the SeMNPV genome was constructed based on sequence analysis of the termini of a XbaI plasmid library described by Heldens et al. (1996 a) and homology searches in databanks. Sequences similar to AcMNPV-lef5 (Passarelli & Miller, 1993) and -p39 (Thiem & Miller, 1989) were identified at the termini of fragment XbaI-C (Fig. 1 a) . The distance (ca. 11n5 kb) between these two genes appeared to be similar in AcMNPV and SeMNPV. The AcMNPV p143 gene, a putative DNA helicase, is located in between lef5 and p39 (Lu & Carstens, 1991 ; Ayres et al., 1994) . Assuming collinearity between the AcMNPV and SeMNPV genomes in this region, the putative helicase gene of SeMNPV should be found in the middle of fragment XbaI-C.
A detailed physical map of XbaI-C was constructed using several restriction enzymes (Fig. 1 b) and numerous subfragments were cloned into pGEM-7Zf(j) and their termini were sequenced. Two subclones, pCHK and pCSK, did have a considerable degree of amino acid sequence similarity to AcMNPV and OpMNPV p143 (Lu & Carstens, 1991 ; Ahrens & Rohrmann, 1996) and were further analysed. potentially encoding a polypeptide with a predicted molecular mass of 143 kDa. This putative protein showed an overall identity of about 42 % and a similarity of about 60 % to the p143 amino acid sequences of AcMNPV and OpMNPV ( Fig.  2 ; Table 1 ). The size of the polypeptide was also in agreement with the sizes of the p143 polypeptides of AcMNPV and OpMNPV [1221 aa (143 kDa) and 1223 aa (140 kDa), respectively] (Lu & Carstens, 1991 ; Ahrens & Rohrmann, 1996) . The SeMNPV p143 ORF was located between mu 47n0 and 49n7 of the physical map of the viral DNA .
Sequence analysis of the SeMNPV
The conserved motifs (N terminus-I-Ia-II-III-IV-V-VI-C terminus) that characterize pro-and eukaryotic helicases are present in the C-terminal region (aa 917-1221) of SeMNPV p143 and their spatial order is identical to that found in other members of the helicase superfamily (Gorbalenya & Koonin, 1988 ; Gorbalenya et al., 1988 ; Hodgman, 1988) (Fig. 2) . For SeMNPV p143, the identity of the seven conserved motifs differed from more than 70 % identity for motif I to less than 25 % identity for motif VI compared with other baculovirus p143s (Fig. 3) . These data are in agreement with the identities found for the conserved motifs in helicases of other organisms ( Fig. 3 ; general consensus) .
Additional motifs that have been described for a subgroup of helicases related to transcription factor eIF-4a (Linder et al., 1989) including D-E-A-D, S-A-T and H-G-I-G-R motifs, were not present in SeMNPV p143. One or more amino acids in the p143 protein (H&&", V&&', S&'%, F&(( in AcMNPV ; Y&&#, L&&(, N&'&, L&() in BmNPV) are involved in the extension of the host range of AcMNPV-BmMNPV recombinants from Sf-AE-21 cells to BmN cells (Kondo & Maeda, 1991 ; Croizier et al., 1994) (Fig. 2) . At the homologous position in SeMNPV (L&$! and L&&") only partial homology with BmNPV and AcMNPV is found (Croizier et al., 1994) . The SeMNPV p143 gene encodes an additional 36-aa-long aspartate-rich domain between residues 781 and 817 (Fig. 2) . Such a domain is not present in
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The putative SeMNPV helicase gene The putative SeMNPV helicase gene the OpMNPV, AcMNPV and BmNPV p143 polypeptides. Two putative nuclear localization signals, K**K\R, are present in all four baculovirus p143s (in the AcMNPV sequence at position 612 and 618). The nuclear localization signal identified by Lu & Carstens (1991) is not conserved in SeMNPV and OpMNPV p143. A putative signal may be located in the 36-aa-long insertion (aa 781-817) unique to SeMNPV. The SeMNPV p143 contains a V)$-V*!-M*(-D"!%-V""" motif that resembles the modified zipper motif of AcMNPV and BmNPV. In OpMNPV, a similar motif can be observed in this area (F)'-L*$-V"!!-L"!(-I"!%) (Fig. 2) .
Transcription analysis
Transcriptional activity of the SeMNPV p143 gene in insect cells was determined by Northern blot analysis of total RNA, isolated at various times after infection, using a $#P-labelled strand-specific probe of the p143 gene. Using a p143 mRNA-specific riboprobe generated from linearized plasmid pCNB (Fig. 1 b) two transcripts were detected. A specific transcript of approximately 4 kb was observed between 4 and 12 h p.i. and a non-specific transcript of 1n9 kb was present from 0 to 48 h p.i. (Fig. 4 a) . The latter transcript is probably due to non-specific hybridization of the probe to rRNA. The specific 4 kb transcript accumulated until 8 h p.i. and levels decreased shortly thereafter. After 12 h p.i., no p143-specific transcripts of this size could be detected (Fig. 4 a) . However, larger transcripts of 4n1, 5n3 and 6n5 kb were present in RNAs isolated at 48 h p.i. (Fig. 4 a) .
RNA primer extension analysis was performed on total infected-cell RNA isolated at various times p.i. to determine the transcriptional start site of the p143 gene (Fig. 4 b) . This assay revealed two major starts at A residues, at position k11 and k12 relative to the putative translational initiation codon ATG (Fig. 4 c) . These starts could already be detected in RNAs isolated at 4 h p.i. The presence of a specific p143 transcript at 4 h p.i. is in accordance with results from Northern analysis (Fig. 4 a) . The SeMNPV p143 gene start site does not show any homology to the consensus sequence of baculovirus early or late promoter elements or to the major transcriptional start site, 5h GCGTGC 3h, that has been determined for AcMNPV p143 and the DNA polymerase genes (Lu & Carstens, 1992 ; Tomalski et al., 1988) . No late transcriptional start site could be identified (Fig. 4 b) , although a putative start (ATAAG) is present upstream of the early start site.
Comparison of the three baculovirus p143 gene promoters revealed that promoter elements in AcMNPV and OpMNPV p143 genes are similar, but that the promoter of SeMNPV is organized differently (Fig. 4 c) . It should be noted however that detailed transcription analysis has only been performed on the AcMNPV p143 gene (Lu & Carstens, 1992) . The AcMNPV p143 gene has a leader sequence of more than 150 nt situated upstream of the putative translational start site. The OpMNPV p143 gene has a similar leader structure (Ahrens & Rohrmann, 1996) . These leaders do contain a similar minicistron of 5 and 12 aa, respectively, located between the consensus baculovirus late promoter element (TAAG) and the translational initiation site. Such a minicistron is not present in the short SeMNPV leader sequence, but is found upstream of the transcriptional start site between positions k82 and k61 (6 aa) (Fig. 4 c) .
A classical poly(A) signal (AATAAA) (Birnstiel et al., 1985) was found immediately downstream of the translational stop codon of the SeMNPV p143 gene (Fig. 4 d) . The predicted size of the helicase mRNA is therefore 4n0 kb, assuming that the p143 mRNA (ORF 3n7 kb) contains a poly(A) tail of approximately 300 adenine residues. This is in agreement with the value of 4n0 kb deduced from Northern analysis (Fig. 4 a) . Another poly(A) signal was found in the opposite strand of the DNA at position 3709 (Fig. 4 d) , belonging to an adjacent ORF (ORF p25 ; J. G. M. Heldens, unpublished results) located on the opposite DNA strand. The first deduced amino acid sequences of an ORF overlapping with the SeMNPV p143 gene promoter region which extended into the p143 coding sequence (30 nt) show high homology to AcMNPV p19 (Ayres et al., 1994) .
Specificity of SeMNPV and AcMNPV p143 genes in DNA replication
To study cross-reactivity of the putative SeMNPV and AcMNPV p143 genes in baculovirus DNA replication, a transient DNA replication assay was performed in which the AcMNPV p143 gene was substituted by its SeMNPV homologue. In this assay, all AcMNPV trans-acting factors were provided as plasmids (Kool et al., 1994 b) (Fig. 5) . When the AcMNPV p143 gene was replaced by the SeMNPV XbaI-C fragment, which contains the SeMNPV p143 gene, no DpnIresistant bands could be detected (Fig. 5, lanes 1 and 2) . As helicases require DNA binding to be able to unwind the double-stranded DNA by definition, it was hypothesized that the SeMNPV p143 may be unable to recognize specific motifs in the AcMNPV-hr2 origin. However, when AcMNPV-hr2 was replaced by SeMNPV-hr1, no DpnI-resistant DNA bands could be detected (Table 2) in any case, suggesting that the AcMNPV replisome or one of its components is unable to activate the SeMNPV origin. This could mean, firstly that the origin replisome complex interaction is very specific, and secondly that either the formation of the replisome is highly specific, i.e. SeMNPV p143 cannot substitute for AcMNPV p143, or SeMNPV p143 is not or hardly transactivated by the AcMNPV replication gene products, in particular by IE1.
Preliminary data indicated that both SeMNPV and AcMNPV IE1 can transactivate either an AcMNPV-hr2-Ac39K promoter-CAT construct as well as a SeMNPV-hr1- The putative SeMNPV helicase gene The putative SeMNPV helicase gene ie1 (plasmid XDB1), no DpnI-resistant DNA was detected (Fig.  5, lane 3, Table 2 ) suggesting that either the IE1 protein can only act in homologous replication events or it is not able to transactivate AcMNPV replication genes.
Complementation of AcMNPV plasmid-dependent DNA replication by infection with SeMNPV
SeMNPV is able to replicate plasmids containing fragments harbouring SeMNPV non-hr or hr ori in Sf-AE-21 cells (Heldens et al., b, 1997 , indicating that all necessary SeMNPV trans-acting DNA replication factors are expressed. To test whether the negative result of the substitution of the AcMNPV p143 gene with that from SeMNPV obtained in the described assay above was due to limited expression of the SeMNPV p143 gene, a ' complementation ' assay was designed. All but one of the AcMNPV trans-acting factors were transfected together with AcMNPV-hr2 into Sf-AE-21 cells. One day post-transfection the omitted factor was complemented by SeMNPV through infection (Table 3) . Using this assay, it was also possible to test whether any of the other AcMNPV DNA replication genes could be replaced by their respective SeMNPV counterparts. However, the complementation assays did not show any positive DNA replication signal, suggesting a high degree of specificity in the formation of the replisome complex in AcMNPV and SeMNPV DNA replication. AcMNPV-hr2 plus the complete set of AcMNPV essential replication genes gave rise to a positive DNA replication signal (positive control) confirming the specificity of the respective replication mechanism. Sf-AE-21 cells transfected with AcMNPV-hr2 did not show a DNA replication signal upon infection with wild-type SeMNPV (negative control) ( Table 3) . 
Discussion
In this paper, we describe the localization, nucleotide sequence and transcriptional analysis of an ORF in the SeMNPV-XbaI-C fragment encoding a putative helicase. The deduced amino acid sequence showed a high degree of similarity to AcMNPV, OpMNPV and BmNPV p143 polypeptides. The SeMNPV p143 amino acid sequence is more distantly related to the other three polypeptides (Fig. 2, Table  1 ), which is consistent with the phylogeny of other genes of these viruses (Cowan et al., 1994 ; Hu et al., 1997) . The SeMNPV p143 ORF contains seven conserved motifs that are characteristic of DNA-and RNA-dependent eukaryotic helicases (Gorbalenya & Koonin, 1988 ; Gorbalenya et al., 1988) . These motifs are very well conserved both in terms of sequence and spatial order in baculovirus p143 proteins.
Biochemical evidence for the hypothesis that p143 is a helicase, i.e. the determination of in vitro helicase and NTP hydrolysis activity (Abdel-Monem et al., 1976 ; Kuhn et al., 1979) , is still lacking. Overexpression of the AcMNPV p143 gene in baculovirus and bacterial expression systems has been established recently and the purified baculovirus p143 protein may allow further study of these functions. The ability of the AcMNPV p143 to bind AcMNPV hr5 showed its DNAbinding properties (Laufs et al., 1997) .
Motifs I (aa 928-940) and II (aa 1025-1035) contain the common consensus sequences for ATP-and GTP-binding sites (Walker et al., 1988 ; Saraste et al., 1990) . The consensus DD\E motif in the B-loop of the NTP-binding site (motif II, aa 1025-1035) corresponds with an SD motif in SeMNPV p143. This may result in the formation of a modified interaction between the A-loop, the magnesium ion and the aspartic acid in the B-loop (Walker et al., 1988 ; Hodgman, 1988 ; Saraste et al., 1990) . A conserved tyrosine residue (Y"#!#), thought to be important for DNA-binding activity, is present in motif VI (aa 1202-1210) of SeMNPV (Fig. 2) The putative SeMNPV helicase gene The putative SeMNPV helicase gene , lef2, lef2, lef3, DNA pol, pe38, ie2 and p35, originating from AcMNPV, were provided in lanes 1-5. The helicase gene and ie1 originate either from SeMNPV, indicated by Se, or from AcMNPV, indicated by Ac. DNA in the lanes indicated ' j ' is digested with DpnI/HindIII, whereas DNA in the lanes indicated ' k ' is digested with HindIII only. Transient DNA replication gives rise to DpnI resistant bands of the size of AcMNPV-hr2 (indicated by an arrow).
motifs III (aa 1052-1063), IV (aa 1089-1096) and V (aa [1135] [1136] [1137] [1138] [1139] [1140] [1141] [1142] [1143] [1144] [1145] [1146] [1147] [1148] [1149] [1150] [1151] [1152] [1153] have not yet been assigned. Besides the seven conserved helicase motifs, the four baculovirus p143 polypeptides contain additional regions that display an even higher degree of identity. These regions are indicated in Fig. 2 as B1 (aa 135-148), B2 (aa 538-545), B3 (aa 826-866), B4 (aa 875-889) and B5 (aa 1181-1193) of the AcMNPV p143 sequence and may be specific for baculovirus helicases. Some of these regions, e.g. B1 and B2, show almost 100 % identity. The consensus sequence L****K*KFY*Y of motif B5 is striking since it is located in the C-terminal part of the polypeptide which is the least conserved. The B5 motif is better conserved than motif VI.
Most helicases are biologically active as oligomers (Matson & Kaiser-Rogers, 1990 ). The putative L-zipper motifs found in all four baculovirus p143s might be involved in this oligomerization. In the p143 gene of SeMNPV, however, this putative hydrophobic interaction site may be affected by the presence of an aspartic acid (D"!%) at position 4 of the zipper motif (Fig. 2) .
Four amino acid changes in a small region (aa 550-578) of the AcMNPV p143 expanded the host range of this virus to Table 3 . Transient DNA replication assay using AcMNPVhr2 as reporter for DNA replication
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All individual AcMNPV trans-acting DNA replication factors (lef1, lef2, lef3, DNA pol, helicase, ie1, ie2, pe38 and p35) , provided as plasmids, were depleted one by one. The missing factors were complemented by SeMNPV infections. Positive (j) or negative (k) DNA replication signals are indicated.
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include B. mori cells (Kondo & Maeda, 1991 ; Croizier et al., 1994) . In SeMNPV, amino acids at the same position do not have any identity to the corresponding amino acids in OpMNPV and have only partial identity to those in BmNPV. Specific mutagenesis of the pertinent amino acids in the SeMNPV helicase gene might shed some light on its role in host range determination. However, the generation of specific SeMNPV mutants is rather difficult when this process is dependent on cell culture. Upon one passage in cell culture this virus quickly generates defective interfering viruses .
Analysis of SeMNPV p143 transcription revealed one major transcript starting at a promoter element 11\12 nt upstream relative to the translational start codon. This promoter element (5h ATCAATA 3h) does not show any homology to consensus baculovirus early or late transcriptional start sites or to elements of the AcMNPV DNA polymerase gene and p143 gene promoters (5h GCGTGC 3h). In contrast to the transcription of AcMNPV p143, no transcript originating from a late promoter element (TAAG) could be detected in SeMNPV-infected IZD2109 cells. Compared to the length of the untranslated leader of the AcMNPV p143 gene, the untranslated leader of SeMNPV p143 is relatively short. Such short leader sequences are not uncommon as they have been reported for genes encoding SeMNPV ubiquitin and Heliothis armigera granulovirus enhancin (Roelvink et al., 1995) . Unusual transcriptional start sites with limited homology to consensus baculovirus early or late start sites have also been reported for the large subunit of the SeMNPV ribonucleotide reductase gene (van Strien et al., 1997) . Since another ORF partly overlaps with the 5h end of the SeMNPV p143 gene and a putative poly(A) signal is located on the opposite DNA strand close to the 5h end of the gene, it seems that the SeMNPV genome is tightly organized at this locus.
A putative minicistron, believed to have a regulatory function in gene expression (Chang & Blissard, 1996) , is present upstream of the translational start codons of AcMNPV, OpMNPV and SeMNPV p143 genes. In AcMNPV and OpMNPV, this minicistron is present in the untranslated leader of early and late transcripts whereas in SeMNPV, a minicistron is located upstream of the transcriptional initiation site. The exact function of minicistrons in baculovirus gene expression remains enigmatic.
Northern blot analysis revealed that the length of the major p143 transcript is 4n0 kb and that it accumulates from 4 to 8 h p.i. After 12 h p.i., no specific 4n0 kb transcripts could be detected until 48 h p.i. The size of the SeMNPV p143 transcript is in agreement with that of the AcMNPV p143 transcript (Lu & Carstens, 1992) . Larger transcripts (5n2 and 6n8 kb) were also detected late in the infection process of AcMNPV-infected Sf-AE-21 cells (Lu & Carstens, 1992) . These transcripts are similar in size to those detected in SeMNPV-infected IZD2109 cells (5n3 and 6n5 kb, respectively). The 6n5 kb transcript in SeMNPV-infected cells might therefore be the transcript to be spliced as has been suggested for the 6n8 kb transcript in AcMNPV-infected S. frugiperda cells (Lu & Carstens, 1992) . The origin of the late 4n1 kb transcript (48 h p.i.) is unknown.
hr-containing plasmids from SeMNPV or AcMNPV could not be replicated by the heterologous virus (Heldens et al., 1996 b) , indicating that the interaction between origins of DNA replication and trans-acting factors is virus-specific. Swapping of the AcMNPV p143 or ie1 genes for the SeMNPV homologues in the transient DNA replication assay did not result in any DNA replication signal. Moreover, comple-mentation of each of the essential AcMNPV replication genes by SeMNPV infection did not result in transient DNA replication. Since SeMNPV replicates in the semi-permissive Sf-AE-21 cells, the SeMNPV DNA replication genes must be functionally active (Heldens et al., 1997) . The negative results obtained on swapping the SeMNPV and AcMNPV ie1 genes may suggest that IE1 is an integral part of the DNA replication complex and interacts specifically with (an)other trans-acting DNA replication factor(s). It is also very likely that SeMNPV IE1 is not able to transactivate or gives limited transactivation of the AcMNPV replication genes, although it has been shown that SeMNPV IE1 could transactivate AcMNPV-39K-CAT constructs (D. R. Theilmann & E. A. van Strien, unpublished data) . Characterization of other SeMNPV trans-acting DNA replication factors and detailed studies of their transactivation mechanism might shed some light on the functioning of SeMNPV and AcMNPV IE1 in this respect.
SeMNPV p143 could not substitute for its AcMNPV counterpart in the complementation assay. Since SeMNPV can replicate its own cis-acting elements in Sf-AE-21 cells (Heldens et al., b, 1997 , it is likely that a functional SeMNPV p143 is generated. It can therefore be hypothesized that the interaction between p143 and the other trans-acting DNA replication factors and\or the interaction between p143 and the functional domains in the ori is very specific. In contrast to our results with SeMNPV and AcMNPV p143 substitutions, AcMNPV p143 could substitute for its OpMNPV homologue with a 50 % loss of replication activity in L. dispar cells, whereas OpMNPV p143 failed to substitute for AcMNPV p143 in S. frugiperda cells (Ahrens & Rohrmann, 1996) . These observations suggest that the formation of an active baculovirus replisome depends on virus-specific interactions between individual replication factors. Gel retardation and gel supershift assays using purified protein and labelled origins of DNA replication might elucidate which parts of the individual proteins contribute to these specific interactions and the nature of these interactions.
